Simple Automated Spectrophotometric Method for Assay of Trypsin and Chymotrypsin in Duodenal Juice
assayed by a simple spectr#{243}photometric method, with specific ester derivatives as substrates. Samples containing 0.25 to 2.5 enzyme units in 0.5 ml were analyzed at a rate of 40 to 60 assays per hour, each sample being incubated for 6 mm. The acidity developed during esterolysis was measured, with phenol red as the acid-base indicator.
The full-scale deflection of the recorder, corresponding to 0.5 absorbance at 420 nm, was obtained with a sample containing 5 U of enzyme per milliliter, incubated in Tris-HCI buffer (25 mmol/Iiter, pH 8.0), in the presence of ph#{233}n#{243}l red (124 jzmol/liter).
This variation corresponded to a decrease of 0.4 pH unit. allow rather specific assays of trypsin (EC 3.4; 4.4) and chymotrypsin (EC 3.4.4.6) in biological fluids.
An automated spectrophotometric assay has been recently proposed for trypsin (1) . In this method hydrolysis of N-a-benzoyl-L-arginine ethyl ester is followed at 253 nm (2). Similar methods could easily be imagined using, for instance, N-a-tosyl-L-arginine methyl ester for trypsin (3) and N-acetyl-L-tyrosine ethyl ester for chymotrypsin assays (2) from those obtained with substrate.
Manual Enzymatic Assays
The assays were performed by constant pH titration as described previously (7) by use of the same substrate solutions as for the automated procedure.
Results

Validity of the Method
To check the validity of the method, an incubation medium identical to that blended by the pump in the automated system was prepared manually with TAME as substrate. 
Procedure
The rate of analysis was usually set at 40 samples per hour. The two sampler timers, controlling the sample probe and the liquid wash aspiration, were adjusted for 60-s sampling and 30-s washing time, respectively.
Absorbance was recorded at 420 nm. The spectrophotometer was adjusted for a direct linear absorbance output from 0 to 1 A unit at 100 mV and the sensitivity of the recorder was fixed at 50 mV full scale, thus recording a maximum of 0.5 A variation.
Calibration of the Automated System
1.2
The daily calibration of the equipment included the control of the incubation time and of the colonmetric response to a given acidity. The incubation time was estimated before each series of assays, by clocking the progression of the red front of indicator, from the beginning of the first incubation coil to the flow cell. For that purpose, the tube aspirating the buffer-indicator solution was shifted to a water solution for 30 s. A small air bubble provided a sharp separation of both fluids, and the colorless front was easily located. Standards of known HC1 concentration were then placed in the sampler plate. They were routinely prepared by adding 5, 10, and 15 l of a titrated solution of 1 molar HC1 to 1 ml water. As a result the colonimetric response was exactly calibrated in terms of acid microequivalents per minute of incubation, defined as enzyme units. was measured in the absence of any substrate. These measurements must be subtracted from the corresponding chymotnypsin values to provide corrected values. When corrected, these values were identical to those obtained by titration.
Discussion
The present automated method constitutes a new application of the well-documented incubating conditions already used for potentiometric methods. The only change was the introduction of 124 iimol of phenol red per liter in the incubation mixture, which did not affect enzymatic catalysis.
The main advantages of this method are its flexibility, and the fact that it is five times as rapid as the constant-pH titration technique.
This gain results from the use of single time-point assays rather than kinetic assays based on constant pH kinetics.
Phenol red has already been used for the microdetermination of free fatty acids, either manually (9) or automatically Moreover, with TAME as substrate, trypsinolysis is subject to both substrate and product activation (12, 13) . The benefit of a high TAME concentration is that the assays are more sensitive and that the velocity of the reaction remains constant throughout most of the TAME hydrolysis.
2. For both enzyme assays, methanol was used to increase the solubility of the substrates.
As much as 5 ml of methanol per 100 ml of incubation mixture does not affect the assay significantly (8). Figure  3 . Indeed, even at high enzyme concentration when the pH of the incubation mixture gradually decreases to near 7.6, the colorimetnic method gave values that were very close to those obtained by constant pH titration. The regression coefficient is 0.975. This slight deviation from the ideal value is negligible considering the degree of precision of the titration of NaOH solution by the pH-stat procedure (with standard HC1 being used to calibrate the automated system). 6. The buffer strength in the useful pH range determines the sensitivity of the response.
Therefore 
